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'  Measuraments  of  transmittance  through  dust  end  debris  clouds  gsnaratad  by  ex¬ 
plosions  and  moving  vehicles  were  analyzed  to  determine  if  transmittance  is 
better  for  one  wavelength  than  soma  other.  Statistical  teats  were  performed  to 
determine  whether  the  amounts  of  time  that  transmittance  was  reduced  to  speci¬ 
fied  levels  vrere  significantly  different  for  various  jwavalenflthe .  In  certain 
types  of  cases  I  differences  were  detected  with  the  8ym  to  12ym  wavelengths 
shown  to  be  better  than  the  others  measured.  In  other  cases ■  no  significant 
diffarancaa  were  found i  thus,  transmittance  was  wavelength  independent . i _ 
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INTRODL'CTION 


Whether  opRratlon  at  one  specific  wavelength  Is  significantly  better 
than  at  some  other  is  a  question  of  major  importance  within  the  Army 
to  developers  and  users  of  weapon  systems  and  sensors  which  employ 
electro-optical  devices.  Airborne  soil  particles  can  seriously  degrade 
the  transmission  of  electromagnetic  energy  through  the  atmosphere  for 
radiation  at  lasers  wavelengths.  Calculations  made  by  Patterson^  show 
that  extinction  due  to  soil-derived  aerosols  Is  approximately  wavelength 
Independent  between  O.SSpm  and  10. bum  for  a  range  of  measured  and  modal 
particle  size  distributions. 

However!  the  concluslone  reached  by  Patterson  may  not  be  valid  for  aero¬ 
sols  induced  by  battlefield  activities  such  as  dust  and  dsbria  clouds 
generated  by  explosions  or  vehicular  activities.  In  an  effort  to  deter¬ 
mine  whether  transmittance  la  better  at  one  wavelength  than  another  for 
battlefield  conditions,  a  study  was  conducted  by  using  transmittance 
measurements  taken  during  several  field  tests. 

Transmittance  measurements  at  several  wevelangthe  were  made  through  dust 
and  debris  clouds  generated  by  munitions ,  explosives,  and  moving  vehicles 
under  a  variety  of  conditions.  The  data  obtained  were  processed  to  deter¬ 
mine  the  amount  of  time  during  each  trial  the  measured  transmlttances 
were  less  than  specified  levels.  Visual  examination  of  these  procaased 
data  showed  that  in  many  of  the  individual  trials  there  were  no  major 
differences  between  the  various  wavelengths  In  the  amount  of  time  that 
transmittance  was  reduced.  In  other  trials,  differsnees  between  wave¬ 
lengths  ware  apparent.  To  have  a  scientific  basis  for  such  conclusions, 
statistical  tests  wars  applied  to  the  resulting  information  to  determine 
whether  the  transmittance  at  any  one  wavelength  was  significantly  dif¬ 
ferent  from  the  others. 


SOURCES  or  DATA 

Transmittance  measurement  data  used  in  this  study  were  obtained  during 
four  field  teste: 

1.  Duet  and  Debris  Test^  conducted  at  Fort  Sill,  Oklahoma,  May  1978; 

2.  Duet  Trial  Phase  of  Smoke  Week  conducted  at  Dugway  Proving 
Ground,  Utah,  November-Daceraber  1977; 


^£.  M.  Patterson,  1977,  ‘'Atmospheric  Extinction  between  0.53um  and 
1.06um  Due  to  Soil-Derived  Aeroeole,"  Applied  Optics,  16:2414-2418 

^US  Army  Dugway  Proving  Ground,  19,78,  "Duet/Debris  Test  Conducted  at  Fort 
Sill,  Oklahoma,  by  Dugway  Proving  Ground,"  DPG-FR-78-313,  Dugway,  UT 


^US  Army  Dugway  Proving  Ground, 
Smoke  Munition  Test  (Phase  He) 


1977,  "Duet  Trial  Phase  of  Inventory 
"  DPG-FR-77-317,  Dugway,  UT 
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3.  Smoke  Week  ll‘*  conducted  At  Eglln  AFB)  Floridat  November  1978| 
end 

k.  Uuety  Infrared  Teet  I  (DIRT-I)^**  conducted  et  White  Sands 
Missile  Range  I  New  Mexico,  October  1978. 

Measurements  for  the  Fort  Sill  test  and  both  Smoke  Wsek  tests  were  mads 
with  telephotometers  and  transmlsaometers  from  Dugway  Proving  Ground. 
Msasuremsnts  were  mads  at  9;.75pmi  3.443i.im,  1.06um,  and  0.4ym  to  0.7iim 
(referrsd  to  as  "visible"  later)  In  each  tost.  Ths  Naval  Rssearc.i  Lab¬ 
oratory  made  measurements  during  DIRT-I  at  10.35ym,  l,06um,  and  O.SSum. 
but  the  1.06um  data  ware  not  considered  reliable  and  were  not  used  in 
this  analysis.  Length  of  the  line-of-slght  was  1106  m  during  ths  Fort 
Sill  tsoti  600  m  during  Smoke  Week  I,  800  m  during  Staoke  Week  II,  and 
2  km  during  DIRT-I. 

Individual  trial  numbers,  sources  of  dust  clouds,  and  duration  of  ths 
data  used  in  this  analysis  are  summarised  In  table  1.  Additional  infor¬ 
mation  concerning  these  tests  and  the  Individual  trials  may  be  found  In 
the  references. 

METHODS  USED  TO  PROCESS  DATA 

When  examining  the  transmittance  versus  tine  data,  one  has  difficulty 
determining  If  the  transmittance  at  one  wavalsngth  Is  significantly 
"better"  than  at  another.  Figures  1  and  2  are  plots  of  the  transmittance 
measurements  teksn  during  one  of  ths  trials  of  the  Fort  Sill  Dust  and 
Debris  Test  which  show  the  difficulty  of  such  analysis.  To  obtain  Infor¬ 
mation  mors  readily  analysed,  the  durations  of  time  for  which  ths  measured 
transmittance  was  less  than  specified  levels  were  computsd.  Then  the  per¬ 
centage  of  the  time  the  transmittance  was  below  each  level  was  found  for 
each  wavelength  and  each  trial.  Plots  of  this  information  are  given  in 
figuren  3  through  S9,  where  K  is  the  specified  level  that  the  transmittance 
did  not  exceed.  The  total  amount  of  time  for  which  data  was  processed 
varied  for  the  Individual  trials  but  was  as  nesrl'  the  same  as  practical 
for  all  wavelengths  in  each  trial. 


^US  Army  Dugway  Proving  Ground,  1979,  "Smoko  Werk  II  Tost  Final  Report," 
Volume  2,  DPC-rR-78-317,  Dugway,  UT 

^J.  D.  Llndbsrg,  ed.,  1979,  "Measured  Effects  of  Battlefield  Dust  and 
Smoke  on  Visible,  Infrared,  and  Millimeter  Wavelength  Propagation!  A 
Preliminary  Report  on  Dusty  Infrared  Teet-I  (DIRT-I),"  ASL-TR-0021, 
Atmospheric  Sciences  Laboratory,  White  Sands  Missile  Rangs,  NM 

*Naval  Research  Laboratory,  1979,  unpublished  transmlssometer  data  from 
DIRT-I,  Washington,  DC 
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TABLE  1.  TEST  DATA  USED  IS  ANALYSIS 


Fort  Sill  T«sc 

PI 

Vahii'lr 

104 

(c.f  2) 

P2 

Vahlcla 

130 

P3 

Vehltlo 

123 

H 

Vahlcla 

50 

03 

ISS  nn  1  round 

58 

04 

133  mra  3  rounda 

58 

OS 

133  mm  3  rounda 

51 

06 

133  tun  3  rounda 

39 

07 

133  ma  3  rounda 

47 

08 

133  nut  3  rounda 

89 

09 

133  nut  2  rounda 

57 

10 

133  nun  2  rounda 

74 

11 

133  mn  2  rounds 

36 

12 

103  mit  1  round 

38 

13 

lOS  nut  1  round 

40 

14 

103  imn  1  round 

38 

IS 

103  nut  1  round 

49 

16 

103  mat  1  round 

73 

17 

103  mm  1  round 

73 

16 

103  tnn  1  round 

59 

19 

103  mm  1  round 

73 

20 

103  mo  1  round 

59 

21 

103  mm  4  round! 

88 

22 

103  inn  3  rounds 

72 

Smok*  Ustk  I 

D1 

TNI  3.3  lb 

99 

(r«f  3) 

02 

TNT  3  lb 

99 

D1 

TNT  8  lb 

99 

D4 

TNT  6.73  lb 

99 

DS 

TNT  13  lb 

99 

D6R 

TNT  33  lb 

99 

Inok*  w«*k  tl 

23 

103  mn  6  rounda 

117 

(r«f  4) 

23R 

103  mm  6  rounds 

113 

26 

133  on  6  rounds 

120 

27 

Vahlcla 

119 

29 

133  mm  6  rounds 

117 

30 

IQS  om  6  rounds 

137 

DIRT  1 

61 

TNT  threa  IS-lb  chargsa 

358 

<rtf  S  and  un* 

62 

TNT  thras  13-lb  ehar|sa 

238 

pubUihkd  Ntv«l 

63 

TNT  chras  30- lb  char|ss 

299 

R»i««rch  Lab 

64 

TNT  Chras  30-lb  chargss 

300 

data  from 

BS 

TNT  chras  60-lb  charts! 

360 

DIRT- I) 

66 

TNT  Chraa  60-lb  charges 

420 

67 

TNT  throe  120-lb  charges 

597 

BB 

TNT  chree  120-lb  chargss 

1014 

Cl 

TNT  one  hundred  and  forty 
13-lb  charges 

840 

El 

133  mo  3  rounds 

360 

E2 

133  mm  3  rounds 

360 

E3 

133  mm  12  rounds 

300 

E4 

133  mn  12  rounda 

360 

FI 

133  mn  4  rounds 

180 

r2 

133  ma  12  rounds 

420 

r3 

133  ma  12  rounds 

300 

F4 

133  mm  8  rounds 

480 

FS 

133  mm  8  rounds 

480 

F6 

133  mm  8  rounds 

240 

F7 

133  mm  8  rounds 

360 

F8 

133  ma  3  rounds 

230 

Examination  of  these  plots  shows  that  for  soma  trials  there  Is  very 
little  variation  by  wavelength,  while  for  others  the  variation  is 
relatively  large. 

RESULTS  OF  STATISTICAL  TESTS  FOR  INDIVIDUAL  TRIALS 

The  data  illustrated  in  figures  3  through  59  were  analyzed  to  determine 
if  any  significant  differences  could  be  detected  among  the  various  wave¬ 
lengths  for  each  individual  trial.  The  Kolmogorov-Smirnov  test^  was 
used  for  each  pair  of  wavelengths  to  determine  If  Che  data  sets  were  from 
the  same  or  different  distributions.  This  test  is  usually  used  to  com¬ 
pare  cumulative  probability  distributions.  In  this  case,  It  was  assumed 
that  the  computed  percentages  of  time  that  transmittance  was  below  speci¬ 
fied  levels  are  equivalent  to  cumulative  probability  distributions  and 
that  the  Kolmogorov-Smirnov  test  may  be  used  to  test  two  sample  distri¬ 
butions  when  the  underlying  distribution  la  not  known.  A  level  of  sig¬ 
nificance  of  0.05  was  used,  meaning  Chat  there  is  a  5  percent  chance  of 
finding  chat  the  two  data  seta  are  not  from  the  same  diatrlbutlon  when 
they  actually  are.  The  test  statistic  computed  Is  the  absolute  maximum 
difference  for  Cvro  wavelengths  between  Che  percentages  of  time  trans¬ 
mittance  waa  reduced  for  the  set  of  specif led  transmittance  levels.  If 
this  maximum  la  greater  than  the  Kolmogorov-Smirnov  test  statistic  for 
chat  sample  size  (assumed  equal  to  total  number  of  seconds),  then  a 
significant  difference  has  been  found.  Results  of  these  tests  are  shown 
In  table  2,  in  which  S  Indicates  that  the  two  data  sets  are  found  to  be 
from  the  same  distribution,  X  indicates  chat  the  two  data  sets  are  not 
from  the  same  distribution,  and  a  dash  <-)  indicates  that  the  data  were 
not  available. 

Several  conclusions  may  be  drawn  from  the  results  of  these  tests. 

1.  Thera  was  no  significant  difference  detected  between  the  3.443um 
and  1.06um  transmission  for  any  test. 

2.  The  9.75'Mm  and  Che  visible  transmission  were  found  to  be  sig¬ 
nificantly  different  most  frequently. 

3.  Significant  differences  were  less  frequently  detucted  for  trials 
consisting  of  single  er.ploslons  chan  for  the  multiple  round  teats  and 
vehicular  dust  teats. 

4.  In  most  of  the  DIRT-I  trials  in  which  significant  differences 
were  detected,  the  0,5Sum  wavelength  was  better  than  the  10.33um  wave¬ 
length.  (See  trlala  B8,  Cl,  El,  E2,  F2 ,  F3.)  This  finding  is  contrary 
to  what  waa  expected. 

However,  we  did  not  find  chat  one  wavelength  waa  "better"  Chan  another 
most  of  the  time. 


^H.  M.  Walker  and  J.  Lev,  1953,  SlatisLlcal  Inference,  Henry  Hu.ll  and 
Company,  New  Vork 
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RESULTS  OF  STATISTICAL  TESTS  FOR  THE  COMBINED  DATA  SET 


While  the  reeulti  of  the  etatletical  teete  done  on  individual  trials 
yield  Intereeting  information,  reeulte  from  combinatione  of  the  data 
from  several  triala  could  be  more  important*  In  Investigating  this 
aspect,  mean  values  of  the  fraction  (percentags/100)  of  the  time  for 
which  the  transmission  did  not  exceed  the  value  of  K  were  computed  for 
each  wavelength  for  several  combinations  of  the  individual  trials.  For 
example,  mean  values  were  computed  for  the  five  tests  Involving  vehicular 
dust.  Then,  the  mean  values  for  each  pair  of  wavelengths  were  tested 
for  equality  using  the  Student's  t-test.  This  test  is  used  for  comparing 
the  means  of  two  normal  populations  whan  the  standard  deviations  are  not 
known  and  cannot  be  considered  equal.  Table  3  gives  the  results  of  these 
tests  for  the  combined  vehicular  dust  data,  along  with  the  means  and 
standard  deviations  used  in  the  etatletical  tests.  A  level  of  signi-i“ 
canca  of  0.05  was  used  for  a  one-tailed  test.  The  test  statistic  com¬ 
puted  is  _ 


‘l/s.s 


where  is  the  mean  value  of  the  time  the  transmittance  was  reduced  to 


the  specified  level  for  wavelength  1,  s^  is  the  standard  deviation,  and 

n  is  the  number  of  cages.  If  Z  Is  greater  than  the  student  t-statlstlc, 
then  a  significant  difference  has  been  found.  In  tabla  3,  the  symbol  S 
indicates  chat  no  significant  difference  was  found,  while  an  X  indicates 
that  one  mean  is  significantly  larger  than  the  other. 


Likewise,  table  4  gives  the  seme  information  for  the  trials  which  in¬ 
volved  single  rounds  of  munitions  or  explosives  for  a  total  of  16  cases. 
Other  combinations  involving  multiple  round  trials  produced  no  eigniflcant 
differences  in  the  mean  valuae.  Tablai  5  through  7  give  meene  and  standard 
daviationi  for  combined  multiple  round  triala. 

Conclusions  which  may  be  drawn  from  chaea  taeta  are  aa  follows: 

1.  Ac  sevarsl  important  lavela  of  transmission,  between  0.3  and 
0.8,  the  9.7Sym  wsvslsngth  was  significantly  better  than  3.443ym  and 
1.06uffl  in  vehicular  dusti  that  is,  the  obscuration  to  the  lower  levels 
of  CrsnemlsBlon  hsd  shorter  duration  at  9.75um. 

.2.  In  vehicular  duat,  the  9.7Sum  wavelength  was  marginally  better 
than  the  visible,  but  no  other  significant  dlffersncas  were  detected. 

3.  In  the  case  of  duet  and  debris  clouds  generated  by  single  ex- 
ploelone,  the  9.7Sum  wavelength  wee  significantly  better  than  3.4»3um, 
1.06ym,  or  visible. 
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TABLE  5.  STATISTICS  FOR  COKBTNED  MULTIPLE  ROUND  DUST  DATA  (lA  CASES) 


3.4A3  1.06 


Vinibl* 


Standard  Dtvlatlont 
3 .  A43 _ 1.06  Viaj 


0.1 

0.215 

0.254 

0.275 

0.282 

.  0.111 

0.130 

0.133 

0.132 

0.2 

0.272 

0.301 

0.321 

0.324 

0.132 

0 . 129 

0.137 

0.137 

0.3 

0.310 

0.331 

0.350 

0.350 

0.124 

0.129 

0.131 

0.133 

0.4 

0.338 

0.362 

0.378 

0.377 

0.124 

0.131 

0.126 

0.129 

0.5 

0.370 

0.398 

0.422 

0.422 

0.125 

0.124 

0.126 

0.129 

0.6 

0.408 

0.435 

0.452 

0.456 

0.127 

0.122 

0.127 

0.128 

0.7 

0.448 

0.469 

0.487 

0.488 

0.124 

0.126 

0.141 

0,140 

0.8 

0.488 

0.501 

0.521 

0.536 

0.134 

0.136 

0.137 

0,142 

0.9 

0.567 

0.583 

0.602 

0.624 

0.151 

0.155 

0.159 

0.156 
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TABLE  7.  STATISTICS  FOR  155  irnn  TRIALS  OF  DIRT-I  <12  CASES) 


K 

M«ant 

Standard 

Davlatlona 

0.55 

10.35 

. 0.55 

10.35 

0.1 

0.212 

0.171  . 

0.140 

0.136 

0;2 

0.228 

0.207 

0.141 

"0.127 

0.3 

0.247 

0.243 

0.144 

0.134 

0.4 

0.270 

0.269 

0.155 

0.134 

0.5 

0.292 

0.312 

0.172 

0.148 

0.6 

0.323 

0.362 

0.183 

0.184 

0.7 

0.361 

0.410 

0.209 

0.231 

0.8 

0.387 

0.460 

0.234 

0.231 

0.9 

0.418 

0.515 

0.275 

0.233 
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Wi'iSSTt:  Tfl*'  n 


4.  Qchtr  algnif leant  dlffartncaa  for  alngla  roundi  ware  detected 
only  et  very  low  transmieilon  valuae  (0.1  and  0,2)  between  3.443uin  and 
l,06um  and  between  3.443ijm  and  vlalble,  with  the  3.443uin  being  the  better. 

5.  No  algnlf leant  differancea  were  found  In  the  multiple  rounds 
caaeai  including  cemblnatlona  of  OZRT-I  trlalii  probably  because  of  the 
large  variation  in  the  test  conditions  among  the  individual  trials, 
rather  than  the  transnlttanca  actually  being  wavelength  Independent. 
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SUMMARY 


A  aftt  of  tr«namitcanc«  data  from  57  aaparate  trlala  involving  duat  and 
dabrlt  clouda  ganaratad  by  axploaivaa  and  vahiclaa  waa  analyaad  to  dctar- 
mina  if  algnlficant  diffarancaa  could  ba  datactad  for  thn  varioua  wava- 
langcha.  In  many  of  tha  individual  caaait  no  diffarancaa  could  ba 
datactad  in  tha  amount  of  tlma  that  tha  tranamlttanca  waa  raducad  to 
apaclfiad  lavalai  In  28  parcant  of  tha  caaaa,  a  algnlficant  dlffaranca 
wfi  datactad. batwaan  tha  tranamlttanoa  in  tha  Sum  to  12um  ragion  and  tha 
viaibla  ragion.  in  no  caaa  waa  a  diffaranca  datactad  betwaan  tranamlttanca 
at  l.OSum  and  viaibla. 

Analyala  of  comblnad  data  from  tha  vahieular  duat  triala  ahowad  that 
tranamlttanca  at  9.7Suffl  waa  battar  than  at  3.443um  and  1.06um.  Tranamit- 
tanca  at  9.73um  waa  battar  than  at  3.443um,  1.06um,  and  viaibla  for  com¬ 
bined  data  from  alngla  axploalon  triala.  Analyala  of  comblnad  data  from 
multipla  round  triala  yialdad  no  algnlficant  diffarancaa,  but  probably 
tha  varlatlona  in  taat  conditlona  cauaad  tha  raaulta  of  tha  atatlatical 
taata  to  bo  Indatarmlnata. 
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Figure  12.  Percent  of  time  neeeured  cranemltttnce  wee  leee  than  K, 
Fort  8111  Teet  06. 
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Fort  Sill  Teat  11. 
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PERCENT  OF  TIME 

Figure  16.  Ptrcenc  of  time  ncatured  trantnlttance  waa  leat  than  K. 
Fort  Sill  Teat  12. 
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PERCENT  OF  TIME 


Flgur*  21,  F«ce*ivt  uf  clmt  tiiMaursd  crtnimlctanct  wat  Itaa  than  K 
Fort  till  Tatt  17. 
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Ftgura  23.  Parcanc  of  tlna  aaaaurad  tranamlttanea  uaa  lata  than  K. 
Fort  Sill  Taat  18. 
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Fl|ura  24.  Farcint  of  clma  naaturcd  tranamlttanca  uaa  laaa  than  K, 
Fort  Sill  Taat  20. 
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PERCENT  OF  TIME 
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Smaka  Wtak  I  Taat  S2. 
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TotflL  TiMt  im  spr 
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PERCENT  OF  TIME 
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•• 

d 


IM 

d 


_I - 1 - 1 - 1_ 
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PERCENT  OF  TIME 


1 

100. 


Flgura  A6.  ParcanC  of  tlma  manaurad  trantnlctanca  wai  laaa  Chan  K, 
DIRT  I  Teat  B8. 
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PERCENT  OF  TIME 
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DIRT  I  Taat  Gl. 
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